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AIR FLOW RATE MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an air flow rate measuring 
apparatus for outputting a signal in response to a flow rate of a fluid and 
particularly to an air flow rate measuring apparatus suitable for 
measuring an intake air flow rate in an iaternal combustion engine. 

2 . Description of the Related Art 

Improvements in measurement accuracy in low flow rate regions 
and improvements in measurement accuracy during transitions are 
required in conventional air flow rate measuring apparatuses used to 
measure the flow rate of intake air in internal combustion engines due to 
the expansion of measurement ranges for intake air flow rate 
accompanying increased output in internal combustion engines and also 
due to the tightening of emission regulations. 

In conventional air flow rate measuring apparatuses, a diversion 
passage having an inverted U shape in which two adjacent, parallel 
channels are linked by a curved portion is installed inside an airflow 
channel. Thus, the overall length of the diversion passage is increased, 
reducing surges inside the diversion passage resulting from surges in the 
flow of air inside the airflow channel. In addition, the curved portion of 
the diversion passage and a downstream passage of the diversion passage 
are formed into a shape that suppresses contracted flow arising 
downstream from the curved portion. Thus, flow rate measuring precision 
is improved by suppressing decreases in flow velocity due to contracted 
flow to maintain flow velocity inside the diversion passage even in the low 
flow rate regions. (See Patent Literature 1 and 2, for example.) 

Patent Literature 1^ Japanese Patent Laid Open No. HEI 9*287991 
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(Gazette, Figure 2 and Paragraph 0008) 

Patent Literature 2- Japanese Patent LaidOpen No. HEI 
11-248504 (Gazette, Figure 2) 

However, in conventional air flow rate measuring apparatuses, 
since side walls facing each other in a direction perpendicular to the 
direction of a main flow are present at an inflow port into the diversion 
passage, a portion of the flow having an angle Gnchned) relative to the 
parallel flow of the main flow is obstructed by the side walls and is 
prevented from flowing into the diversion passage. Thus, increased flow 
rate sensitivity due to increased flow velocity inside the diversion passage 
becomes minimal. Consequently, the flow velocity inside the diversion 
passage is slow, leading to a decrease in the flow rate sensitivity and 
making output of the flow rate signal unstable. 

Since the side walls facing each other in the direction perpendicular 
to the direction of the main flow have a predetermined thickness in a 
direction perpendicular to the direction of flow of the main flow, the flow of 
the main flow colliding with the side walls at right angles is interrupted 
temporarily by the side walls, giving rise to a delay before flowing into the 
diversion passage. Consequently, the state of the flow into the diversion 
passage is unstable, making output of the flow rate signal unstable. 

In air flow rate measuring apparatuses for internal combustion 
engines, foreign matter such as droplets of Hquid (water, oil, etc.), dust etc., 
contained in the air flowing through the airflow channel is blown and 
introduced into the diversion passage from the upstream end. When this 
foreign matter such as droplets of hquid, dust, etc., adheres to inner wall 
surfaces of the diversion passage or the flow rate detecting element, there 
is a risk that the flow velocity distribution inside the diversion passage, 
and the heat-transfer coefficient of the sm-face of the flow rate detecting 
element, etc., may change, giving rise to changes in the output of the flow 
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rate signal. In conventional air flow rate measuring apparatuses, because 
the side walls facing each other in the direction perpendicular to the 
direction of a main flow are present at the inflow port into the diversion 
passage and the flow velocity inside the diversion passage is slow, foreign 
matter that has been introduced into the diversion passage and has 
adhered to the inner wall surfaces of the diversion passage is unlikely to be 
blown back out through an outflow port by the flow inside the diversion 
passage and most of it remains inside the diversion passage. 
Consequently, output fluctuations in the flow rate signal may become large 
depending on the location and amount of adhesion of foreign matter, 
preventing accurate flow rate detection. 
SUMMARY OF THE INVENTION 

The present invention aims to solve the above problems and an 
object of the present invention is to provide an air flow rate measuring 
apparatus capable of improving flow rate detecting precision and enabhng 
a stable flow rate signal to be obtained even if a flow of air inside an intake 
air hne becomes slightly nonuniform by stabiUzing the flow of air and 
enabhng more air to be directed inside a diversion passage, and also 
capable of suppressing the influence of droplets of Hqviid and dust 
introduced into the diversion passage, thereby ensuring high flow rate 
measuring precision. 

With the above object in view, an air flow rate measuring apparatus 
of the present invention includes a detector flow tube projecting into an 
airflow channel so as to be perpendicular to a main direction of flow of air 
inside the airflow channel, a diversion passage through which a portion of 
the air is permitted to flow being formed in the detector flow tube; and a 
flow rate detecting element disposed inside the diversion passage. The 
diversion passage is constructed into an inverted U shape in which an 
upstream diversion passage and a downstream diversion passage each 
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having a passage direction in a direction of projection of the detector flow 
tube communicate by means of a curved portion. An inflow port of the 
diversion passage is constructed by removing a portion of a wall of the 
upstream diversion passage on an upstream side in the main direction of 
flow of the air, and removing at least a portion of first and second side walls 
of the upstream diversion passage facing each other in a direction 
perpendicular to the main direction of flow of the air and the direction of 
projection of the detector flow tube. A wall surface on a downstream side 
of the upstream diversion passage in the main direction of flow of the air at 
the inflow port is formed into a curved surface shape that is gradually 
displaced upstream relative to the direction of projection of the detector 
flow tube to constitute an air lead-in surface. 

Therefore, an air flow rate measuring apparatus can provided that 
is capable of improving flow rate detecting precision and enabling a stable 
flow rate signal to be obtained by stabili2ing the flow of air and enabling 
more air to be directed inside the diversion passage, and also capable of 
suppressing the influence of droplets of liquid and dust introduced into the 
diversion passage, thereby ensuiing high flow rate measuring precision. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a front elevation showing a mounted state of an air flow 
rate measuring apparatus according to Embodiment 1 of the present 
invention; 

Figure 2 is a longitudinal section showing the mounted state of the 
air flow rate measuring apparatus according to Embodiment 1 of the 
present invention; 

Figure 3 is a perspective showing a vicinity of an inflow port of the 
air flow rate measuring apparatus according to Embodiment 1 of the 
present invention; 

Figure 4 is a perspective showing a vicinity of an inflow port of an 
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air flow rate measuring apparatus according to Embodiment 2 of the 
present invention; 

Figure 5 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 3 of the 
present invention; 

Figure 6 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 4 of the 
present invention; 

Figure 7 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 5 of the 
present invention; 

Figure 8 is a longitudinal section showing a vicinity of an inflow 
port of an air flow rate measuring apparatus according to Embodiment 6 of 
the present invention; 

Figure 9 is a front elevation showing a mounted state of an air flow 
rate measuring apparatus according to Embodiment 7 of the present 
invention; and 

Figure 10 is a longitudinal section showing the mounted state of the 
air flow rate measuring apparatus according to Embodiment 7 of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention wiU now be 
explained with reference to the drawings. 
Embodiment 1 

Figure 1 is a front elevation showing a mounted state of an air flow 
rate measuring apparatus according to Embodiment 1 of the present 
invention, Figure 2 is a longitudinal section showing the mounted state of 
the air flow rate measuring apparatus according to Embodiment 1 of the 
present invention, and Figure 3 is a perspective showing a vicinity of an 
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inflow port of the air flow rate measuring apparatus according to 
Embodiment 1 of the present invention. 

In Figures 1 to 3, an air flow rate measuring apparatus 100 
includes- a detector flow tube 3; a circuit module 16; and a connector 
portion 17. The air flow rate measuring apparatus 100 is mounted as a 
plug-in system to a mounting aperture 2 formed at a predetermined 
position on an intake air line 1 (an airflow channel) of an internal 
combustion engine. More specifically, the air flow rate measuring 
apparatus 100 is mounted airtightly to the intake air line 1 such that the 
detector flow tube 3 projects inside the intake air Une 1 so as to be 
perpendicular to a main direction of flow A of air. Moreover, the main 
direction of flow A of the air is parallel to a central axis of the intake air 
Hne 1. 

A diversion passage 4 through which a portion of the air flowing 
inside the intake air line 1 is permitted to flow is formed in the detector 
flow tube 3. This diversion passage 4 is constructed into an inverted U 
shape in which upstream and downstream diversion passages 5 and 6 
extending in a radial direction of the intake air line 1 are linked by a 
curved portion 7. Moreover, the upstream and downstream diversion 
passages 5 and 6 are disposed side by side in the direction of the main 
direction of flow A of the air flowing inside the intake air line 1. 

An inflow port 8 of the diversion passage 4 is formed by removing a 
portion of a wall of the upstream diversion passage 5 positioned on an 
upstream side relative to the main direction of flow A of the air, and 
removing portions of first and second side walls of the upstream diversion 
passage 5 facing each other in a direction perpendicular to the main 
direction of flow A of the air and the axial direction (the direction of 
projection) of the detector flow tube 3. On the other hand, a discharge 
port 9 of the diversion passage 4 is formed by removing a portion of only a 
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wall of the upstream diversion passage 6 positioned on a downstream side 
relative to the main direction of flow A of the air. 

In a partition wall 10 separating the upstream and downstream 
diversion passages 5 and 6, wall surfaces facing the upstream and 
downstream diversion passages 5 and 6 are each formed into a curved 
surface curved relative to the main direction of flow A of the air. More 
specifically, the wall surface on the downstream side of the upstream 
diversion passage 5 at the inflow port 8 is formed into a curved surface 
shape that is gradually displaced upstream relative to the direction of 
projection of the detector flow tube 3 (as it approaches the projecting end) 
to constitute an air lead-in surface 11. The wall surface on the upstream 
side of the downstream diversion passage 6 at the discharge port 9 is 
formed into a curved surface shape that is gradually displaced downstream 
relative to the direction of projection of the detector flow tube 3 to 
constitute an air discharge surface 12. 

In addition, a throttle portion 13 is formed on a region facing the 
curved portion 7. Thus, the diversion passage 4 is constructed such that 
the passage cross-sectional area thereof reduces gradually from the inflow 
port 8 of the upstream diversion passage 5 to the curved portion 7, is 
smallest at a central portion of the curved portion 7, and enlarges 
gradually from the curved portion 7 to the discharge port 9 of the 
downstream diversion passage 6 so that the flow does not separate. 
Moreover, from the viewpoint of responsiveness and detecting precision, it 
is desirable for a ratio between channel length B in the main direction of 
flow A of the air and channel length C of the diversion passage 4 (diversion 
passage length ratio C/B) to be in a range from 2 to 4. 

A flow rate detecting element 14 is constmcted into a diaphragm 
construction by forming a pair of fiist and second heat- generating elements 
composed of a thermosensitive resistor film, for example, on a first surface 
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of a silicon substrate so as to line up in the direction of flow and removing a 
portion of the silicon substrate under the region where the heat-generating 
elements are formed from a second surface by etching, etc. This flow rate 
detecting element 14 is mounted to a chip holder 15 disposed in the curved 
portion 7, The flow rate detecting element 14 is disposed in a generally 
central portion of the curved portion 7 such that the surface on which the 
heat-generating elements are formed (the detecting surface) 14a is parallel 
to or has an inclination of several degrees to the direction of flow. 

The circmt modvde 16 is mounted with electronic components to 
constitute a flow rate detecting circuit and is embedded in a root portion of 
the detector flow tube 3. The connector portion 17 is formed integrally at 
an opposite end of the detector flow tube 3 from the diversion passage. 
The flow rate detecting element 14 and the circuit module 16 are 
electrically connected to each other by bonding wires, etc., and the circuit 
module 16 and terminals 17a of the connector portion 17 are also 
electrically connected to each other by bonding wires, etc. 

The air flow rate measuring apparatus 100 constructed in this 
manner is plugged into the intake air line 1 such that the air lead-in 
surface 11 of the detector flow tube 3 is positioned at the central axis of the 
intake air line 1. Air flows through the intake air hne 1 in the main 
direction of flow A and flows through the inflow port 8 into the diversion 
passage 4. The air flows through the upstream diversion passage 5, the 
curved portion 7, and the downstream diversion passage 6, and then flows 
out through the discharge port 9 of the diversion passage 4 into the intake 
air line 1. 

At the same time, the pair of heat-generating elements are heated 
by passing an electric current through them. Then, output based on the 
difference between the rate of heat transfer from the first and second 
heat- generating elements to the aii' is extracted from the circuit module 16 
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as a flow rate signal by means of the connector portion 17. 

In Embodiment 1, the inflow port 8 of the diversion passage 4 is 
formed by removing a portion of a wall of the upstream diversion passage 5 
positioned on an upstream side relative to the main direction of flow A of 
the air, and removing portions of first and second side walls of the 
upstream diversion passage 5 facing each other in a direction 
perpendicular to the main direction of flow A of the air and the axial 
direction (the direction of projection) of the detector flow tube 3. Thus, at 
the inflow port 8, since there are no side walls facing each other in a 
direction perpendicvJar to the main direction of flow A of the air, not only 
the flow of air parallel to the main direction of flow A, but also the flow of 
air having an angle relative to the main direction of flow A flows into the 
diversion passage 4 smoothly, increasing the flow rate (the flow velocity) 
inside the diversion passage 4. 

The wall surface on the downstream side of the upstream diversion 
passage 5 in the inflow port 8 is formed into a curved surface shape that is 
gradually displaced upstream relative to the direction of projection of the 
detector flow tube 3 to constitute an air lead-ia surface 11. Thus, the air 
collides with the air lead-in surface 11 and is then directed inside the 
upstream diversion passage 5 effectively by the curved surface shape of the 
air lead-in surface 11, increasing the flow rate (the flow velocity) inside the 
diversion passage 4. 

Thus, even if foreign matter such as droplets of Uquid, dust, etc., 
adheres to wall surfaces of the diversion passage 4 or to the detecting 
surface 14a of the flow rate detecting element 14, foreign matter that has 
adhered is blown further downstream by the air flowing through the 
diversion passage 4. Thus, changes in heat-transfer coefficient resulting 
fiom foreign matter such as droplets of hquid, dust, etc., adheiing to the 
detecting surface 14a of the flow rate detecting element 14 and 
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disturbances to the flow of air resulting from foreign matter adhering to 
the wall surfaces of the diversion passage 4 are suppressed, making output 
variations less likely to occur, thereby improving the reliability of flow rate 
detection. 

In addition, because the flow velocity inside the diversion passage 4 
is increased, flow rate detecting precision is raised. 

At the inflow port 8, since there are no side walls facing each other 
in a direction perpendicular to the main direction of flow A, there is no 
delay resulting from the flow of the air colliding with the side walls. Thus, 
the state of the air flowing into the diversion passage 4 is stable, providing 
stable flow rate signal output. In addition, even if foreign matter such as 
droplets of liquid, dust, etc., adheres to the air lead-in surface 11, the 
foreign matter is more likely to be bloAvn further downstream by the flow of 
air flowing along the side portions of the detector flow tube 3. 

A throttle portion 13 is disposed in a region of the curved portion 7, 
the diversion passage 4 being constructed such that the passage 
cross-sectional area thereof gradually decreases from the inflow port 8 of 
the upstream diversion passage 5 to the curved portion 7, is smallest at a 
central portion of the curved portion 7, and gradually increases from the 
curved portion 7 to the discharge port 9 of the downstream diversion 
passage 6 so that the flow of air does not separate. Here, the flow velocity 
at the detecting surface portion of the flow rate detecting element 14 is 
increased and the flow is stabilized. Thus, flow rate measuring precision 
can be improved even in low flow rate regions. 

Because the discharge port 9 of the diversion passage 4 has wall 
surfaces that face each other in a direction perpendicular to the main 
direction of flow A, aii- that has flowed through the downstream diversion 
passage 6 is smoothed as it passes through the discharge port 9 and merges 
with the main flow. Thus, confluence loss at the discharge port 9 is 
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reduced, maintaining the flow velocity inside the diversion passage 4. 

The wall surface on the upstream side of the downstream diversion 
passage 6 in the discharge port 9 is formed into a curved surface shape that 
is gradually displaced downstream relative to the direction of projection of 
the detector flow tube 3 to constitute an air discharge surface 12. Thus, 
because air that has flowed through the downstream diversion passage 6 is 
deflected into the main direction of flow A by the air discharge surface 12 
before beiag discharged into the intake air line 1, confluence loss at the 
discharge port 9 is reduced. 

The detector flow tube 3 is mounted so as to project into the intake 
air line 1 such that the air lead-in surface 11 of the detector flow tube 3 is 
positioned at the central axis of the intake air line 1. In the viciaity of the 
central axis of the intake air line 1, the flow velocity distribution (static 
pressure distribution) is stable and the flow velocity is high. Thus, even if 
the velocity distribution of the main flow of the air flowing through the 
intake air line 1 varies to some extent, the static pressure difference at the 
flow inlet 8 will not vary significantly. Consequently, even if the velocity 
distribution of the main flow of the air flowing through the intake air line 1 
varies to some extent, the flow velocity of the air flowing through the 
diversion passage 4 will not vary, thereby providing an accurate flow rate 
signal. 

Embodiment 2 

Figure 4 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 2 of the 
present invention. 

In Figure 4, a wall surface of a partition wall 10 A facing an 
upstream diversion passage 5, in other words, an air lead-in surface 11 A, is 
formed into a concave surface shape that is gradually displaced upstream 
from a central portion toward first and second sides relative to a direction 



11 



■ I 

» • 

perpendicular to the main direction of flow A and the axial direction (the 
direction of projection) of a detector flow tube 3 A. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 1 above. 

In Embodiment 2, air flowing through the intake air Kne 1 in the 
main direction of flow A collides with the air lead-in surface 11 A. The air 
that collides with the air lead-in surface 11 A, in a similar manner to 
Embodiment 1 above, is directed inside the upstream diversion passage 5 
by the curved surface shape that is gradually displaced upstream relative 
to the axial direction of the detector flow tube 3A. Here, because the 
direction of flow of the air that coUides with the air lead-in surface 11 A and 
is directed inside the upstream diversion passage 5 is directed towaa^d a 
central axis of the upstream diversion passage 5 by the concave surface 
shape that is gradually displaced upstream from a central portion toward 
first and second sides relative to a direction perpendicular to the main 
direction of flow A and the axial direction of the detector flow tube 3, the 
flow velocity in a central portion of the diversion passage 4 is accelerated. 

Consequently, disturbances to the flow of air at the inflow port 8 of 
the diversion passage 4 are reduced, stabilizing the flow of air in the region 
where the flow rate detecting element 14 is disposed, thereby reducing 
output disturbances in the air flow rate measuring apparatus. 
Embodiment 3 

Figure 5 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 3 of the 
present invention. 

In Figure 5, an air lead-in surface IIB is formed, in a simflar 
manner to the air lead-in surface llA in Embodiment 2 above, into a 
concave surface shape that is gradually displaced upstream from a central 
portion toward first and second sides relative to a direction pei-pendicular 
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to the main direction of flow A and the axial direction (the direction of 
projection) of a detector flow tube 3B. A recess portion 20 is formed in a 
tip portion of a partition wall lOB, and a penetrating aperture 21 is 
disposed through the partition wall lOB so as to communicate between the 
inflow port 8 and the recess portion 20 at a position of a central portion of 
the air lead-in surface llB. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 2 above. 

In Embodiment 3, when foreign matter such as droplets of liquid or 
dust, etc., contained in the air adheres to the air lead-in surface llB, the 
foreign matter is moved to the central portion by the concave surface shape 
of the air lead-in surface llB, flows through the penetrating aperture 21 
into the recess portion 20, and is blown away by the air flowing past the tip 
of the detector flow tube SB. 

As the air flows past the tip of the detector flow tube SB, vortexes 
are generated inside the recess portion 20, reducing the pressure inside the 
recess portion 20. Thus, a pressure difference is generated between the 
inflow port 8 and the inside of the recess portion 20, promoting the flow of 
the foreign matter that has adhered to the air lead in surface IIB through 
the penetrating aperture 21 to the recess portion 20. 

Consequently, foreign matter that has adhered to the air lead-in 
surface llB is more Hkely to be blown away by the air flowing through the 
intake air Une 1 by means of the penetrating aperture 21, suppressing 
entry into the diversion passage 4 of the foreign matter contained in the 
air. 

Thus, according to Embodiment 3, in addition to the effects of 
Embodiment 2 above, the influence of foreign matter such as di'oplets of 
hquid or dust, etc., contained in the air can be reduced. 
Embodiment 4 
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Figure 6 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 4 of the 
present invention. 

In Figure 6, a wall surface of a partition wall IOC facing an 
upstreeun diversion passage 5, in other words, an air lead-in surface llC, is 
formed into a convex surface shape that is gradually displaced downstream 
from a central portion toward first and second sides relative to a direction 
perpendicular to the main direction of flow A and the axial direction (the 
direction of projection) of a detector flow tube 3C. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 1 above. 

In Embodiment 4, air flowing through the intake air hne 1 in the 
main direction of flow A collides with the air lead ia surface llC. The air 
that collides with the air lead-in surface llC, in a similar manner to 
Embodiment 1 above, is directed inside the upstream diversion passage 5 
by the curved surface shape that is gradually displaced upstream relative 
to the axial direction of the detector flow tube 3C. Here, when foreign 
matter such as droplets of liquid or dust, etc., contained in the air adheres 
to the air lead in surface llC, the foreign matter that has adhered to the 
air lead-in surface llC is moved to first and second side portions of the air 
lead-itt surface llC by the convex surface shape that is gradually displaced 
downstream toward the first and second sides from the central portion 
relative to a direction perpendicular to the main direction of flow A and the 
axial direction of the detector flow tube 3C, merges with the air flowing 
past side portions of the detector flow tube 3C, and is blown away. 

Consequently, foreign matter such as droplets of liquid or dust, etc., 
that has adhered to the wall surface is more ILkely to be blown away by the 
air flowing past the side portions of the detector flow tube 3C, suppressing 
entry into the diversion passage 4 of the foreign matter contained in the 
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air. 

Thus, according to Embodiment 4, in addition to the effects of 
Embodiment 1 above, the influence of foreign matter such as droplets of 
liquid or dust, etc., contained in the air can be reduced. 
Embodiment 5 

Figure 7 is a perspective showing a vicinity of an inflow port of an 
air flow rate measuring apparatus according to Embodiment 5 of the 
present invention. 

In Figure 7, a wall surface of a partition wall lOD facing the 
upstream diversion passage 5, in other words, an air lead-in surface IID, is 
formed, in a simflar manner to the air lead-in surface llC in Embodiment 4 
above, into a convex surface shape that is gradually displaced downstream 
from a central portion toward first and second sides relative to a direction 
perpendicular to the main direction of flow A and the axial dii-ection (the 
direction of projection) of a detector flow tube 3D. A plurahty of concave 
discharge lanes 22 are formed on the air lead-in surface llD so as to extend 
from a central portion to first and second side edges. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 4 above. 

In Embodiment 5, when foreign matter such as droplets of Uquid or 
dust, etc., contained in the air adheres to the air lead-in surface llD, the 
foreign matter moves across the air lead-in surface llD and is caught in 
the discharge lanes 22, is moved along the discharge lanes 22 to first and 
second side portions of the air lead-in surface llD, merges with the air 
flowing past side portions of the detector flow tube 3D, and is blown away. 

Thus, according to Embodiment 5, because foreign matter that has 
adhered to the air lead-in surface llD is caught in the discharge lanes 22 
and blown away effectively, the influence of foreign matter contained in the 
air can be reduced. 
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Moreover, in Embodiment 5 above, the discharge lanes 22 are 
formed into a concave shape, but the dischai-ge lanes 22 are not limited to a 
concave shape and may also be formed into a convex shape, for example. 
Embodiment 6 

Figure 8 is a longitudinal section showing a vicinity of an inflow 
port of an air flow rate measuring apparatus according to Embodiment 6 of 
the present invention. 

In Figure 8, an inflow port 8 A of a diversion passage 4 is formed by 
removing a portion of a wall of an upstream diversion passage 5 positioned 
on an upstream side relative to the main direction of flow A of the air, and 
removing almost all of first and second side walls of the upstream diversion 
passage 5 facing each other in a direction perpendicular to the main 
direction of flow A of the air and the axial direction (the direction of 
projection) of a detector flow tube 3E. Similarly, a discharge port 9A of the 
diversion passage 4 is formed by removing a portion of a wall of a 
downstream diversion passage 6 positioned on a downstream side relative 
to the main direction of flow A of the air, and removing almost all of first 
and second side walls of the downstream diversion passage 6 facing each 
other in a direction perpendicular to the main direction of flow A of the air 
and the axial direction (the direction of projection) of a detector flow tube 
3E. In other words, the first and second side walls of the upstream 
diversion passage 5 and the downstream diversion passage 6 are removed 
in such a way that an aperture face 8a of the inflow port 8A and an 
aperture face 9a of the outflow port 9A of the diversion passage 4 constitute 
inclined faces relative to the main direction of flow A. 

The detector flow tube 3E is constructed so as to be symmetrical 
relative to a plane that is perpendicular to the main direction of flow A and 
passes through a central axis X of the detector flow tube 3E. More 
specifically, the diversion passage 4, the inflow port 8A, the discharge port 
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9A, the air lead-in surface 11, and the air discharge surface 12 are 
constructed so as to be symmetrical relative to the plane that is 
perpendicular to the main direction of flow A and passes through the 
central axis X of the detector flow tube 3E. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 1 above. 

In the air flow rate measuring apparatus 101 constructed in this 
manner, since the inflow port 8A has no side walls facing each other in a 
direction perpendicular to the main direction of flow A and the axial 
direction of the detector flow tube 3E, in a similar manner to Embodiment 
1 above, not only the flow of air parallel to the main direction of flow A, but 
also the flow of air having an angle relative to the main direction of flow A 
flows into the diversion passage 4 smoothly, increasing the flow rate (the 
flow velocity) inside the diversion passage 4. 

The wall surface on the downstream side of the upstream diversion 
passage 5 in the inflow port 8A is formed into a curved surface shape that 
is gradually displaced upstream relative to the direction of projection of the 
detector flow tube 3 to constitute an air lead-in surface 11. Thus, the air 
coUides with the air lead-in surface 11 and is then directed inside the 
upstream diversion passage 5 effectively by the curved surface shape of the 
air lead-in surface 11, increasing the flow rate (the flow velocity) inside the 
diversion passage 4. 

At the inflow port 8A, since there are no side walls facing each 
other in a direction perpendicular to the main direction of flow A, there is 
no delay resulting from the flow of the air colliding with the side walls. 

Consequently, simflar effects to those in Embodiment 1 above can 
also be achieved in Embodiment 6. 

In Embodiment 6, the diversion passage 4, the inflow port 8A, the 
discharge port 9A, the air lead in surface 11, and the air discharge surface 
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12 are constructed so as to be symmetrical relative to a plane that is 
perpendicular to the main direction of flow A and passes through a central 
axis X of the detector flow tube 3E. Thus, even if air flows through the 
intake air hne 1 in a reverse direction to the main direction of flow A, 
because air having an angle relative to the main dii-ection of flow A flows 
smoothly through the discharge port 9 A into the downstream diversion 
passage 6, and air that collides with the air discharge surface 12 is directed 
inside the downstream diversion passage 6 effectively by the curved surface 
shape of the air discharge surface 12, and in addition, there is no delay 
resulting from the flow of air colliding with side walls, the flow rate of the 
air can be detected with high precision. Consequently, this air flow rate 
measuring apparatus 101 can provide stable output characteristics for 
bidirectional flow inside the intake air line 1. 

The aperture face 8a of the inflow port 8A and the aperture face 9a 
of the outflow port 9A form inclined faces relative to the main direction of 
flow A. Thus, the rate of air flow flowing into the diversion passage 4 can 
be changed by setting the angle of inclination of the aperture face 8a and 
9a appropriately to adjust the flow velocity inside the diversion passage 4. 
Embodiment 7 

Figure 9 is a front elevation showing a mounted state of an air flow 
rate measuring apparatus according to Embodiment 7 of the present 
invention, and Figure 10 is a longitudinal section showing the mounted 
state of the air flow rate measuring apparatus according to Embodiment 7 
of the present invention. 

In Figures 9 and 10, a flow rate detecting element 14 is disposed in 
a central position of a curved portion 7 of a diversion passage 4 such that 
the detecting surface thereof is positioned in a common plane with a wall 
surface of the curved portion 7. A circuit case 23 is formed integrally at an 
opposite end of a detector flow tube 3F from a diversion passage, a circuit 



18 



module 16 being disposed inside the circuit case 23, In addition, a 
connector portion 17 is formed integrally with the circuit case 23. 

Moreover, the rest of this embodiment is constructed in a similar 
manner to Embodiment 6 above. 

In a air flow rate measuring apparatus 102 constructed in this 
manner, because the flow rate detecting element 14 is disposed such that 
the detecting surface thereof is positioned in a common plane with a wall 
surface of the curved portion 7, ventilation resistance inside the diversion 
passage 4 can be reduced compared to Embodiment 6 above in which the 
flow rate detecting element 14 is disposed in a central portion of the 
channel of the curved portion 7, enabling the flow velocity of the air flowing 
through the diversion passage 4 to be increased. 

Moreover, in each of the above embodiments, output based on the 
difference between the rate of heat transfer from a pair of a 
heat" generating elements to the air is extracted as a flow rate signal, but a 
pair of thermosensitive resistors may also be disposed upstream and 
downstream from a heat-generating element, the heat-generating element 
being heated to a constant temperature, and output based on the 
temperature difference between the pair of thermosensitive resistors being 
extracted as the flow rate signal. 

In each of the above embodiments, the air lead-in surface is 
explained as being positioned at the central axis of the intake air line 1 
where the flow velocity distribution is the most stable, but it goes without 
saying that the effects due to the construction of the inflow port and the air 
lead-in surface of the present invention can also be obtained even if the air 
lead-in surface is not positioned at the central axis of the intake air line 1. 



19 



